Interstitial lung disease (ILD) is the most common extra-articular manifestations of rheumatoid arthritis (RA) in the lung, and contributes to the morbidity and mortality in patients with RA[@b1]. Nevertheless, the estimates of prevalence and incidence of RA-ILD varied immensely because definitions of and measures to diagnose RA-ILD varied in different studies[@b1]. An early study using the diffusion capacity of the lung for carbon monoxide (DLCO) estimated the incidence of ILD in RA at 41.4%[@b2]. Recently, more population-based studies have attempted to clarify the definition and incidence of RA-ILD. The cumulative incidence of ILD among patients with RA reported by Bongartz was 7.7% in a population-based cohort with a mean follow up period of 16.4 years[@b3]. Similarly, the incidence of clinically significant ILD among RA population reported by Olson is near 10%[@b4]. Poor prognosis has also been observed in patients with RA-ILD. For example, the above two studies both have shown that RA-ILD was associated with shorter survival. Moreover, survival after diagnosis of RA-ILD was only a median of 3 years as reported by Koduri[@b5]. These results were similar with that reported by Hakala in an earlier study[@b6]. Given the bad prognosis associated with RA-ILD, earlier recognition was critical.

The majority of patients were diagnosed as RA before the detection of ILD. The clinical complaints of ILD included cough and chronic symptoms of dyspnoea. Impairment of pulmonary function manifested as restrictive pattern with or without low DLCO was also observed in most cases[@b7]. Although a histological biopsy serves as the gold standard for diagnosis of ILD, many RA patients do not receive a biopsy in clinical practice, especially those with no respiratory symptoms. However, several studies have demonstrated a high level of correlation between high-resolution computed tomography (HRCT) imaging abnormalities and histopathological features[@b8][@b9]. HRCT imaging manifestations, such as traction bronchiectasis, subpleural fibrosis, honeycombing, and/or ground glass opacification, are often observed in RA-ILD patients and suggestive of usual interstitial pneumonia or nonspecific interstitial pneumonia[@b1]. Other clinical biomarkers such as rheumatoid factor (RF), anti-cyclic citrullinated peptide (Anti-CCP) have also been researched in RA-ILD patients. High tumour markers were found in RA patients but not related to actual cancer[@b10]. Ascherman *et al*. suggested a role of tumour biomarkers in RA-ILD[@b11]. However, the current knowledge of clinical features provides limited pathogenic insight.

Based on these considerations, the current study aimed to investigate the clinical characteristics of patients with RA-ILD, including circulating levels of RF, Anti-CCP, acute-phase protein, tumour markers, and pulmonary function test abnormalities.

Results
=======

Characteristics of the Participants
-----------------------------------

The final cohort consisted of 41 RA participants. Based on evidence of definite interstitial lung abnormalities detected by HRCT imaging scan, 25 patients were identified as having RA-ILD while the other 16 were identified as having RA without ILD. Characteristics of the included patients were presented in [Table 1](#t1){ref-type="table"}. The average age of the patients with RA without ILD group was 56.19 ± 12.11 and that of RA with ILD group was 63.56 ± 11.90. No significant difference was found between the two groups with regard to age, sex, duration of disease process, or medication. Evaluation of chest HRCT identified 16 reticular abnormalities in RA-ILD patients. In addition, 13 RA-ILD patients had ground glass opacification, 8 had honeycombing, and 1 had traction bronchiectasis.

Clinical features
-----------------

Individuals with RA-ILD were more likely to have higher levels of RF, but this association did not reach statistical significance (*P* = 0.10) ([Table 1](#t1){ref-type="table"}). Likewise, no significant difference was found with regard to Anti-CCP, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP). Higher levels of carbohydrate antigen 15--3 (CA15-3) and carbohydrate antigen-125 (CA125) were observed in RA-ILD (*P* = 0.01 and 0.03 respectively), levels of carcinoembryonic antigen (CEA) and carbohydrate antigen 19--9 (CA19--9) did not differ significantly (*P* = 0.47 and 0.19 respectively). Comparison of pulmonary function parameters between the two groups indicated that the percent of predicted value of total lung capacity (TLC), inspiratory capacity (IC), and DLCO were reduced in patients with RA-ILD compared with RA without ILD. No significant difference was observed in the percent of the predicted value of vital capacity (VC), forced expiratory volume in the first second (FEV1), and FEV1/forced vital capacity (FVC).

The logistic regression model was made for finding variables of lung function parameters associated with RA-ILD. The forward selection model included preassigned pulmonary function test parameters that reached a significance level of 0.05. This model found that only DLCO (beta --0.06) stepped into the final model and retained statistically significant association with RA-ILD, suggesting decreased DLCO related to the increased likelihood of RA-ILD (OR = 0.94, 95%CI = \[0.91, 0.98\]) ([Table 2](#t2){ref-type="table"}).

In order to further demonstrate the predictive potential of DLCO for RA-ILD, a receiver operating characteristic (ROC) assessment was conducted. The generated ROC assessment revealed that the area under the curve value was 0.87 (95%CI = \[0.76, 0.98\]) (*P* \< 0.001), suggesting that levels of the percent of predicted value of DLCO might have moderate capacity for detecting RA-ILD ([Fig. 1](#f1){ref-type="fig"}). In addition, the cut-off point at 52.95 percent of predicted value could sensitively discriminate RA patients with or without ILD (sensitivity was 100%) although the specificity was 60.87%.

Discussion
==========

Rheumatoid arthritis is a chronic systemic autoimmune disease with a variety of extra-articular manifestations including interstitial lung diseases. Based on comparative analysis, the current study showed that radiographically defined RA-ILD was associated with impaired pulmonary function, reflected as lower percent of predicted value of TLC, IC and DLCO, and higher levels of tumour markers CA15--3 and CA125. Moreover, decreased DLCO value was found to associate with increased likelihood of RA-ILD, and the cut-off point of 52.95 could discriminate RA patients with or without a higher probability of ILD.

Lung is the most common damaged organ in RA patients. Although cardiovascular disease is the primary cause of RA-related deaths, pulmonary disease was found to contribute significantly to a mortality of 10--20% in RA patients[@b12][@b13]. ILD is a diverse group of chronic lung diseases characterised by progressive fibrosis and is also recognized as early feature of RA[@b5]. The prevalence of ILD in RA patients varied greatly due to the inconsistency in diagnostic criteria, diagnostic tools and methods of reporting. Clinical features, lung physiology (especially pulmonary function test parameter DLCO), and radiology (especially HRCT imaging scan) are often used to assess whether a RA patient has or does not have ILD. Previous studies using such diagnostic tools reported that the prevalence of ILD varies from 19--44% in RA patients[@b2][@b3][@b14]. Very often, RA-ILD is overlooked because the presence of clinical respiratory symptoms such as cough and exercise induced dyspnea is unobvious or masked by joint dysfunction. For this reason, although a histological biopsy is considered as the gold standard for diagnosing interstitial pneumonia in RA, it is not a common tool to diagnose ILD in RA patients. Recently, pulmonary function test in combination with HRCT was found to have potentials[@b15], which was further confirmed in our study.

Several studies have suggested that genetic factors[@b16][@b17][@b18], environmental exposure[@b19], and some medicine, such as MTX[@b16], implicated in the development of RA-ILD, but the exact mechanisms underlying RA-ILD are still unknown. Turesson *et al*. found that high levels of RF and anti-CCP antibodies increased the risk of ILD development in RA[@b20]. Ronnelid *et al*. also found that higher levels of anti-CCP antibodies suggested worse clinical disease and the greater progression of extra articular manifestations in RA[@b21]. However, Bongartz did not report a direct association between anti-CCP with the development of ILD in RA patients[@b22]. Recently, a study by Harlow suggested that citrullinated protein extracted in RA patient sera might be potential biomarkers for distinguishing RA-ILD from RA without ILD[@b23]. In our study, although no significant difference in RF and anti-CCP was observed between RA-ILD and RA alone, it is still plausible that immune dysregulation caused by citrullinated proteins might play a role in the development of ILD in RA patients.

Tumour marker is found in the body fluid or body tissues, which can be produced by the tumour or non-tumour cells. Although an elevated level of tumour markers often indicate the presence of cancer, other causes of the elevation were also observed in recent studies. Increased CA19--9, CA125 and CA15--3 were observed in RA patients[@b24]. Yamamoto has investigated the association between connective tissue disease with interstitial lung disease and tumour maker CA19--9, and found that ILD increased as the expression of CA19--9 increased and that the level of CA19--9 was inversely related with DLCO[@b25]. Furthermore, after treatment with immunosuppressant, the level of CA19--9 decreased[@b25]. The current study has found that CA15--3 and CA125 rather than CEA or CA19--9 increased in RA-ILD, indicating that CA15--3 and CA125 might play a more important role in RA-ILD. However, the mechanism underlying its association remains unclear.

In our study, lung function abnormalities (lower TLC, IC, and DLCO) were observed in RA-ILD but not in RA patients without ILD. Moreover, a DLCO value of less than 52.95% had sufficient ability, with sensitivity of 100 and specificity of 60.87, to discriminate RA patients with higher probability of having ILD. These findings were parallel with viewpoints reviewed by Hamblin and Horton, suggesting that a decreased DLCO predicted value could serve as an independent predictor of ILD development in RA[@b26]. The decreased diffusing capacity might be due to the abnormal ventilation/perfusion ratio, increased diffusion distance, and the destroyed vascular beds. Because diffusing capacity impairment is the most common pathophysiological change in ILD, this finding might supply an adoptive method for detecting ILD manifestations in RA patients. Due to the relatively low-rise specificity, it is wise to combine pulmonary test and HRCT imaging evaluation when subclinical RA-ILD is suspected. On one hand, pulmonary function test, especially the DLCO, appears to be more sensitive in screening RA-ILD because it could detect the pulmonary diffusing function change at the early stage of disease with or without pulmonary structure damage. Similarly, Dawson found that 82% of patients with RA had a reduced DLCO[@b27]. On the other hand, the HRCT alterations were found to correlate well with the presence of the histopathological subtype and help predict prognosis[@b26]; therefore, a further HRCT imaging is necessary.

Our study has some limitations though. First, because this was a cross-sectional observational study, we were unable to analyse whether there was casual association between medication usage and the risk of development of RA-ILD. Second, RA severities were not adequately classified. Third, histopathological classification was not performed due to the lack of biopsy specimens. Large, longitudinal studies incorporating more RA patients and general population are required to further elucidate disease pathogenesis and provide additional insight regarding the relationship between RA-ILD and ILD without RA.

In conclusion, alterations of pulmonary function test and HRCT imaging help detect ILD in asymptomatic or symptomatic patients with RA. The DLCO values have demonstrated a good correlation between pulmonary function and HRCT imaging scan. Along with its high sensitivity, the cut-off point at 52.95 percent of predicted value could represent a useful screening tool for detecting RA-ILD. The exact mechanisms underlying RA-ILD should be evaluated in further studies.

Methods
=======

Participants
------------

Patients with a confirmed diagnosis of RA were retrospectively queried from the database at West China Hospital of Sichuan University between 2011 and 2014. The inclusion criteria were a diagnosis of RA made by at least two rheumatologists according to the American College of Rheumatology 1987 criteria[@b28]. Both HRCT imaging scan of the chest and pulmonary function test were performed to assess respective abnormalities suggestive of ILD. Demographics and clinical features were extracted from the database. Patients with neoplasm were excluded. The study protocol was approved by the Institutional Review Board of West China Hospital of Sichuan University, and all participants gave written informed consent. The methods were carried out in accordance with the approved guidelines.

Pulmonary function test
-----------------------

The pulmonary function test was performed according to American Thoracic Society standards[@b29]. Each participant was confirmed not using any bronchodilator during an applicable period of time before the test. The percent of predicted values of FEV1, VC, IC, TLC, and DLCO were included in the current analysis. Reference values were derived from predicted value adjusted for Chinese[@b30].

Circulating biomarkers
----------------------

Serum samples were analyzed by blinded technicians for tumour markers including CEA, CA125, CA19-9 and CA15-3, and acute-phase reactant ESR and CRP.

Imaging
-------

All participants had completed HRCT imaging scan of chest during end inspiration using 1--2 mm-thickness cuts, and those images were evaluated by two blinded radiologists to assess the proximity of ILD manifestations. In brief, having a number of characteristic features, including traction bronchiectasis, reticular abnormalities, and honeycombing, and/or ground glass opacification, was identified as radiographically defined RA-ILD ([Fig. 2](#f2){ref-type="fig"})[@b31]. The biomarkers, pulmonary function tests and HRCT imaging scan were planned at admission and performed within a week.

Statistical analysis
--------------------

Continuous variables were indicated as mean ± SD for normally distributed data or the median (range) for non-normally distributed data. Categorical variables were presented as frequencies. Comparisons of continuous variables between RA-ILD group and RA without ILD group were conducted by using independent samples *t* test or Mann-Whitney *U* test. The significance of differences in categorical variables between them was analysed using chi-squared test. A logistic regression analysis was performed to assess the strength of association between RA-ILD and clinical features of interest. The predictive capacity of levels of DLCO for the presence of RA-ILD was analysed using ROC curves. Cut-offs with sensitivity and specificity to discriminate RA-ILD from RA without ILD were calculated. All statistical analyses were performed using the SPSS 19.0 software (SPSS Inc., Chicago, IL, USA), and a two-sided *P* value less than 0.05 was considered statistically significant.
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###### Characteristics of included patients of RA with or without ILD.

                                         RA without ILD (n = 16)   RA with ILD (n = 25)    *P* value
  ------------------------------------- ------------------------- ----------------------- -----------
  Age, years                                  56.19 ± 12.11            63.56 ± 11.90         0.06
  Sex, male/female                                6/10                     14/11             0.25
  Duration of disease process, months          72 (2, 552)             108 (5, 360)          0.75
  **Medication use in hospital**                                                          
  Corticosteroid                                   13                       17               0.48
  Methotrexate                                     13                       16               0.31
  Meloxicam                                         9                       15               0.81
  RF                                     149.00 (20.00, 1680.00)   429.00 (20.00, 4520)      0.10
  Anti-CCP                                392.90 (7.00, 500.00)    296.35 (1.91, 500.00)     0.87
  **Acute-phase proteins**                                                                
  ESR                                          66 (4, 120)            77.5 (34, 120)         0.33
  CRP                                     19.75 (1.22, 134.00)     33.20 (1.91, 261.00)      0.21
  **Tumour markers**                                                                      
  CEA                                       1.64 (0.71, 3.29)        2.11 (0.57, 7.27)       0.47
  CA15-3                                      11.88 ± 2.72             22.61 ± 13.12       0.01^\*^
  CA125                                   23.23 (14.78, 46.68)     54.60 (12.55, 199.80)   0.03^\*^
  CA19-9                                   8.92 (0.60, 31.52)      14.04 (0.66, 355.00)      0.19
  **Pulmonary function test**                                                             
  FEV1, % predicted                           89.97 ± 24.73            76.96 ± 22.89         0.09
  VC, % predicted                             92.21 ± 21.65            80.76 ± 22.24         0.11
  FEV1/FVC, %                             82.74 (53.61, 95.77)     77.80 (41.67, 95.46)      0.44
  TLC, % predicted                           100.02 ± 16.25            89.09 ± 15.63       0.04^\*^
  IC, % predicted                             84.78 ± 31.55            64.35 ± 23.55       0.02^\*^
  DLCO, % predicted                           91.71 ± 23.02            52.56 ± 26.52       0.00^\*^

^\*^*P* \< 0.05. RA, rheumatoid arthritis; ILD, Interstitial lung disease; RF, rheumatoid factor; Anti-CCP, anti-cyclic citrullinated peptide; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA15--3, carbohydrate antigen 15--3; CA125, carbohydrate antigen-125; CA19--9, carbohydrate antigen 19--9; FEV1, forced expiratory volume in the first second; VC, vital capacity; FVC, forced vital capacity; TLC, total lung capacity; IC, inspiratory capacity; DLCO, diffusion capacity of the lung for carbon monoxide.

###### Logistic regression analysis of the association of RA-ILD and pulmonary function test parameters.

  Pulmonary function test     OR      95% CI     *P* value
  ------------------------- ------ ------------ -----------
  DLCO                       0.94   0.90--0.98   0.01^\*^
  TLC                        1.02   0.96--1.09     0.50
  IC                         0.99   0.96--1.02     0.62

^\*^*P* \< 0.05. OR, odds ratio; CI, confidence intervals; DLCO, diffusion capacity of the lung for carbon monoxide; TLC, total lung capacity; IC, inspiratory capacity.
